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Description 

System and Method fcr Desulfurizing Gasoline or Diesel Fuel to Produce a Low 
Sulfur-Content Fuel lor Use in an Internal Conibustlon Engine 

Technical Field 

5 The present invention relates to an improved system tor desuifurlzlng a gasoline or 
diesel fuel supply so as to render the fuel less corrosive and cleaner for use In an 
internal combustion engine. More particularly, the aesulfurizing system of this 
invention is operable to reduce sulfur contaminants found in the fuel to levels which 
will reduce internal combustion engine coroslon, and will also reduce particulate 

10 deposition in dcesei engines. Additicnaily, the system of this invention will extend the 
useful life of catalytic exhaust converter components in internal combustion engine 
vehicles. 

Background of the Invention 
Tn© operation of an Interna! combustion engine is affected by a number of factors not 

15 ihe least of which is the sulfur content in the fuel supply. Typical internal combustion 
engine fuels such as gasoline and diesel fuel contain relatively high levels of sulfur, 
normally in the fornri of organic sulfur compounds. The specification for diesel fuel is 
about 500 parts per million (ppm) although the average is significantly below this • 
level. The US average for regular gasoline is about 350 ppm. Current efforts to 

20 reduce interna! combustion engine fuel sulfur levels, such as the present California 
Phase h specification, call for sulfur content limits in gasoline of less than about 40 
ppm. The benefit of lowering sulfur content in engine fuel is a reduction in sulfur 
pollution levels from automobiles as well as reducing the effects of engine component 
corrosion and the negative effects of sulfur on the engine catalytic converters. 

25 Sulfur oxide emissions from the automobile's internal combustion engine contributes 
to acid rain, in diesel engines, high sulfur levels result in increased particulate levels 
in the exhaus*. High sulfur levels also contribute to more rapid corrosion of engine 
materials, and tc a lowering of catalytic converter effectiveness, which means more 
nitrogen oxide formation, and a lower activity level for the conversion of carbon 

30 monoxide and unburned hydrocarbons. 

While the California phase II specification deals with sulfur levels in the original fuel 
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source, other sulfur clyan jp methods proposed to data tor diesel and gasoline 
internal combustion engines are focused on cleaning up the exhaust after the 
comcustion process While thess post-combustion clean up approaches can be 
made to work, ii is far more desirable to reduce or remove the sulfur betore the 

5 combustion cycle. Sulfur clean up processes for liquid fuels such as those described 
;n an article published n connection with the 21st Power Sources Conference 
proceedings of May 16-18. 1967. pages 21-26, entitled "Sulfur Removal for 
Hydrocarbon Air Systems" require complex equipment v;hich is not easily 
incorporated in a vehicle. 

10 It would be highly desirable therefcre. f^om an environmental, cost and equipment 
durability stand point \o be able to power a diesel or gasoline fueled internal 
combcstion engine by means of a desuifur.zQd fuel, i.e., a luel containing less than 
about 0.O5 ppm sulfur. 

Disclosure of the Invention 
15 This inventior relates to a 'uel processing system which is operable to remove 

substantially all of ins sulfur present in a gasoline cr diesel fuel stocK used to powet 
an internal corr^bustion engine. The fuel can contain relatively high levels of organic 
sulfur compounds such as thiophenes, mercaptans, sulfides, disulfides, and the lixe. 
The fuel is passed through a nickel desulfurizer bed wherein essentially all of the 
20 sulfur in the organic sulfur compounds 'eact with the nickel reactant and are 
converted to nickel sulfirie, leaving a desul^urized fuel supply which continues 
through the interna! combustion engine. Since this desulfurizer requires no water or 
recycle addition, it can be made compact and simple when compared to alternate 
approaches, and it is not limited by thgrmodynamic considerations in the presence of 
25 water, as are oir-er sulfur absorbents such as zinc oxide or iron oxide. 

The desulfurization can take place at a fueling station as the fuel Is being delivered to 
tlie vehicie; or it can take place on board the vehicle. When desulfurization is done at 
the fueling station, a sriall sulfur scrubber cou'd also be included in the vehicle. 
Desulfurization can be performed on the fuel either in a liquid state or a vaporous 
30 state. When desulfurization is performed on board the vehicle, the fuel will pass 
through the nickel desulfurizer reactant bed and thence into the internal combustion 
engine. 
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It is therefore an object of this invention to provide a fuel processing system and 
method which is suitable for usa in desuHurizing a fuel such as gasoline or diesel 
fuel. 

It is an additional object of this invention to provide a fuel processing system of the 
character described wherein raw fuel is passed through a desulfurizing bed wherein 
sulfur is refr.oved fronr. the tuoL 

It is a further object of this invention 1o provide a fuel processing system of the 
character described wherein the desulfurizing bed is a nickel reactant bed. 

It is another object of this invention to provide a fuel processing system of the 
Character described wherein the sulfur content of the fuel will be reduced to less than 
about 0.05 parts per million. 

These and other objects of the 'nvention will become more readily apparent from the 
following detailed description thereof when taken in conjunction with the 
accompanying drawings in which: 

PIG. 1 is a schematic viaw of an embodiment of a fuel processing system vyt^ich is 
suitable for use in a vehicle: and 

FIG. 2 is a schematic view of a second embodiment of a fuel processing system 
which is suitable for use in a vehicle fueling siation. 

Specific Modes for Carrying Out the Invention 
Referring now to ihe drawings, FIG. 1 is a schematic vievy of a fuel processing 
system, denoted generally by the numeral 2. which is suitable for use in a vehicle 
such as an automobile, bus, truck, or the like. The fuel being processed can be 
gasoline or diesel fuel. A fuel pump 4 pumps the fuel into the system 2 via line 6 
which leads to a nici^el desulfurizer bed 8. Organic sulfur compounds in the gasoline 
are broKen down by the nickel reactant per the following typical reactions: 

Ni + CH3SH .> NiS + CH4;and 
Ni + CH3SCH3->NiS+C2H6. 
The desulfurizer 8 operates at a pressure of between ambient and about one 

3 
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hundred fifty psi. and a temperature of between about 200OF and SZS^F so that liquid 
fuel entering the riesulfurizor 8 at a temperature of aboul TS^F (ambient) will be 
preheated and either vaporized, or remain a liquid, in the desulfurizer 8. depending 
on the operat ng pressures and temperatures. The preferred operating temperature 
5 range is between about 325^F to about 400<^F. as this provides the optimum range of 
sulfur conv/ersion vvhile »raintaining low carbon formation. The liquid or vaporized 
fuel then enters a heat exchange line 18 which adjusts the temperature of the fuel to 
its desired level before the fuel enters the vehicle's Iniernai combustion engine 20. 
The line 18 may incluufi a flow contro; valve 19, and may be associated with a branch 

10 line 21 which includes a flow control valve 23. The line 21 leads to an auxiliary fuel 
storage tank 25 :n which desulfurized fuei can be stored for use in starting up and 
running the engine 20 until such time as the desulfurizer 8 reaches operating 
tomperaiures. An outiel line 27 having a flow control valve 29 extends from the 
storage tank 25 oank to the line 18. The valves 19, 23 and 29 can be selectively 

15 controlled by the vehicle s onboard microprocessor. 

The desulfurizer station 8 can be heated to its operating temperature with 
recirculated engine exhaust which is fed to a heat exchanger 34 through line 22, or 
the desulfurizer 8 can be healed by means of an electric heater 35. If desired, both 
of the aforesaid heating protocols could be used in combination or in series. When 
20 recirculated engine exnaust is utilized to heat the desulfurizer 8^ the exhaust is 
flushed from the vehicle via exhaust pipe 36 In which the conventional catalytic 
converter 38 may be positioned. 

Referring now to FiG. 2, an alternative embodiment of the system 2, which is 
designed for use in a fueling station, is depicted. The fueling station includes a fuel 

25 storage tank lO v/h;ch contains the raw fuel- Rav/ fuel is pumped from the storage 
tank 1 0 through a line 12 by means of a pump 14 and into a line 16 to the 
desulfurizer 8. The desulfurizer 8 is heated to operating temperatures by means of 
an electric heater 35 whicn may include a regenerative heat exchanger (not shown). 
The desuifurized fuei is then channeled through a line 18 to a fuel filling pump 24 at 

30 the filling station. The fuel dispensing hose is denoted by the numeral 26. In cases 
where It is desirable \o maintain the fuei in a jiquid form h the desuHurization station 
8, a back pressure valve 31 in line 18 can be used in conjunction with the pump 14 to 
produce operating pressures in the range of about 50 psi to about 150 psi in the 

4 
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desulfunzation station 8. as shown in FIG. 2. The sanne pressure control systen^ 
could be incorporated into tho embodiment shown in FIG 1. 

It will be readily appreciated that by using a nickel desulfurizer, the amount of sulfur 
ir^ the fuel stream can be lowered to less than about 0.05 parts per million, a level 
5 which will not significantly damage the components of an Internal combustion engine, 
and wil: no\ significantly damage the cata:ytic converter in the exhaust system of the 
engine. 

Since Tany changers and variat.ons of the disclosed embodiment of the invention 
may be made wit^.out depart ng from the Inventive concept, It Is not Intended to limit 
10 the invention othenwise than as required by the appended claims. 
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Claims 

1 . A system fo' ries.ii^urizing a gasoline or diesel fuel so as to produce a lo\A/er sulfur 
content gasoline or diose; lue! for use in an imerna! combustion engine, said system 
comprising: 

a) a nickel desulfurization station containing a nickel reactant which is operative to 
5 convert sulfur contained in organic sulfur compounds oonta.ned in the fuel to ntokel 

sulfide in the desulfi.'nzation station thereby removing sulfur from the fuel; 

b) means for introducing :he fuel into said nickel desulfurization station; and 

c) means for maintaining said nickel desulfurization station at an operating 
temperature in the range of about 200^F to about 5250F during operation of said 

10 system. 

2. The system of Claim 1 wherein said desulfurization station operates a 
temperature in the range of about 325^F :o about 400oF. 

3. The system of Claim 1 further comprising means lor maintaining saki 
desulfurization statiofi at a pressure In a range of about 50 psi to about 150 psi which 
will maintain the fuel in a liquid state during operation of the system. 

4. The system of Claim 1 wherem said desulfurization station is operable to lower the 
concentration of sulfur in the fuel to less than about 0.05 ppm. 

5. A method fo? desulturizing a gasoline or diesel fuel so as to produce a lower sulfur 
content gasoline or diesel fuel lor use in an internal combustion engine, said method 
compnsing: 

a) a step of providing a niCKel desulfurization station containing a nickel reactant 

5 which is operative lo conve^i sulfur contained in organic sulfur compounds contained 
in the fuel to nickel sulfide in the desulfurization station thereby removing sulfur from 
the fuei; 

b) a step of introcluCing the fuel into said desulfurization station; and 

c) a step of maintaining said desulfurization station at an operating temperature in the 
10 range of about 200^F to about 525^F during operation of said method. 
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5. The method cl Claim 5 comprising ihe step of maintaining said desulfurizaticn 
staton at an operating temperature in the range of about 325<^F ic about 400<'F. 

7. The method ol Claim 5 comprising the step of operating said desulfurization 
station at a pressure in the range of about 50 psi to about ^.50 psi so as to mainta.n 
the fuel in a liquid state =n said nicl^el desulfurizer station. 

8. The m€»thod of Claim 1 wherein said desulfurization station is operable to lower 
the concentration of sulfur in the lue) to less than about 0.05 ppm. 
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